85 percent of the country is below 1000 m in elevation. Viet Nam has three plains systems that are still in the process of expansion. The archaeological sites of interest here are situated in the low-lying northern Bac Bo plain and fall between latitudes 18 and 22 north. Viet Nam presents two distinct climatic zones: a northern and a southern. Northern Viet Nam has two seasons-cold and hot-but with high levels of humidity occurring during both periods. Further, in comparison to southern Viet Nam, the north experiences marked climatic variability or instability that has restricted levels of ecological variation. The country is prone to typhoons and has experienced over 400 during the last hundred years. Storms are also very frequent, with winds reaching up to 50 m/sec. This in combination with rainfall in excess of 600 mm in a 24-hour period can lead to extensive agricultural and human disruption.
Because the Bac Bo region is essentially subtropical, tropical forests are found only below about 500 m, while more tropical flora is found only below some 300 m. Around the coastal regions mangroves still predominate, while dense bamboo forests are common all over the northern plains. The north is home to a diverse range of bird, riverine, and marine life. Some 900 species of fish are recognized in the Gulf of Bac Bo alone. Terrestrial animals such as sambar deer, muntjac, chamois, and numerous arboreal primates are still common in the region. In the past, elephants, rhinoceros, tigers, and panthers were also common.
the da but period
Da But period sites are located along the Ma River in Thanh Hoa Province, northern Viet Nam. The Da But is considered one of a number of emergent Neolithic cultures with a coastal/marine economic focus that developed out of the Hoabinhian culture approximately 6500 to 6000 years b.p. and existed for 1700 years (Bui Vinh 1991 Vinh , 1994 Vinh , 1996 ; K. S. Nguyen 1997) . Communities making up the Hoabinhian period, dated to between 18,000 and 6000 years b.p., were involved in hunting and gathering a wide variety of mammals, birds, fish, and shellfish (Gorman 1971; Higham 1989) . The relationship between these emergent post-Hoabinhian cultures and the Hoabinhian itself is unclear. Hoabinhian sites are generally restricted to inland caves and rock shelters in Viet Nam, which does not preclude the potential future discovery of sites along previous lowland areas and coastlines that are currently submerged.
The skeletal and dental remains of 96 individuals, representing the Da But period, derive from the single cemetery site Con Co Ngua (Table 1 ). The following account of this site is based on the unpublished site report prepared by Bui Vinh (1980) . Con Co Ngua lies in Ha Trung District, Thanh Hoa Province, some 30 km from the present coast, approximately 3 km north of the Ma River, at 20 N, 105 45 0 E (Fig. 1 ). Con Co Ngua is situated on a low mound within a small valley at the foot of encircling hills. These hills range from 50 to 350 m above sea level. It can thus be seen as situated within a transitional plains-upland region. However, it is still low enough to be constantly flooded during the rainy season. The occupants would have had access to riverine, estuarine, coastal, and dense subtropical forest resources within close proximity to the site.
A 228.5 m 2 excavation comprising two adjacent pits on and by the mound was oxenham . ancient vietnam in transition carried out in 1979. In the majority of cases, individuals were buried tightly flexed, both the upper and lower limbs, in a type of squatting or seated fetal position. Graves were generally only earthen pits with no sign of any other lining or covering material. However, at least five single graves were associated with a stone marker on top of or beside the grave. The majority of burials for which an orientation could be discerned were facing east or northeast. Signs of what appears to be ochre were spread over at least one clustered burial, while ochre solidified into the shape of a gourd was found in two separate graves. In three cases, stag horns were found buried beside individuals. It was not uncommon to find in the graves bones of various vertebrates such as bu¤alo, pig, turtle, and fish, as well as shells of invertebrates such as oysters, mussels, and snails. Material cultural objects recovered from Con Co Ngua include numerous grinding stones, ground axes, and mat-impressed pottery fragments. I also recovered a worked bone artifact, possibly an ornament, from among the remains of one curated individual from the site. While the stratigraphy of Con Co Ngua is not clear, the burials are essentially found within midden material containing a high concentration of freshwater molluscs and saltwater oysters and mussels. A sterile capping layer including blue-grey clay, spread throughout the valley to a depth of 0.5-1.5 m, has been interpreted as representing a major flood.
The two excavated pits are believed to be temporally discontinuous, although it is not clear what period of time separates them. The 28 burials from Pit 1 are single or double burials, while the 78 burials from Pit 2 form mostly clustered inhumations. The skeletal remains of 96 individuals were available for examination. Of these, 25 were from Pit 1, 64 from Pit 2, and 7 individuals who could not be assigned confidently to a specific pit.
While only the basal phase of Con Co Ngua contains human remains, the upper level of the site, dated by way of material culture associations to around 5500 years b.p., shows an absence of molluscs and salt-marsh plants, suggesting the coast had started to prograde by this stage. The material culture also changes, with the first appearance of fishing net sinkers, spinning whorls, stone awls, stone chisels, and technological changes in stone axes. Moreover, there is a large increase in the frequency of polished and curved stone artifacts that have been interpreted as hoes. There is also an increase in the number of domesticated bu¤alo and pig remains. The final phase of the Da But period (the Go Trung phase), beginning around 5000 years b.p. and not represented at Con Co Ngua, shows technological changes with respect to pottery and stone artifacts. Settlements are seen to spread along the coast, and the development of sea travel and sea fishing has been suggested (Bui Vinh 1991 Vinh , 1996 . This would indicate changes from a coastally oriented economy to a marine-based one in the later phase of the Da But period.
the metal period
The Metal period in this study is represented by 11 sites, the vast majority of which are located either within the Red River delta region or just south of the delta in the Ma River region (see Table 1 and Fig. 1) . Much of the skeletal material from these sites is dated to between 2500 and 1700 years b.p. This places the majority of the skeletal and dental sample within the periods of the Dong Son oxenham . ancient vietnam in transition proper and early Han encroachments into the region. Very few radiometric dates exist for these sites, with the majority being dated by way of material culture associations.
The earliest evidence for metal in the Red River delta region appears in late Phung Nguyen culture contexts. These sites are situated on relatively raised areas on the edge of the Red River delta. The Phung Nguyen culture, believed to have endured from 4000 to 3500 years b.p., is notable for its rich and technologically sophisticated array of stone jewelry. Following this period is a succession of phases in the Red River region, mirrored by analogous culture phases in the Ma and Ca River regions, culminating in the Dong Son, dating from 2500 years b.p. until Han domination in the first centuries of the first millennium a.d. Higham (1989 : 30) has described the Vietnamese Dong Son as one of several Southeast Asian examples demonstrating social di¤erentiation and a move ''from village autonomy towards centralised chiefdoms.'' Apart from the diverse range and technological sophistication of material culture objects, there is evidence for marked craft specialization, a complex ritual life, maritime trade, sophisticated military skills and equipment, and the development of an aristocratic and centralized elite based on agricultural surpluses (Higham 1996 : 134) . Evidence for the latter proposition may be testable through an examination of the skeletal remains of the people themselves.
Han chronicles of the people and region are available to supplement the archaeological picture. The region, encompassing the vast majority of Metal period sites included in this study, moved in and out of direct Han administrative control from the late third century b.c. (De Crespigny 1990). Schafer (1967) suggests that initial military conquest and control of the region likely had a minimal cultural and social impact. It was not until concerted Chinese migration into the region occurred in the first century a.d. that significant sociocultural e¤ects were seen. Even with migration and the vagaries of central Chinese control of the regionand during periods of independence from China-De Crespigny (1996) argues that Chinese culture was maintained by the emigrants.
Holmgren (1980) points out that early Chinese o‰cials in northern Viet Nam have traditionally been praised in the histories for their e¤orts to ''civilize'' these people, citing the introduction of metal agricultural implements and agricultural techniques such as land reclamation and education. The point regarding agricultural improvements is important in suggesting that, prior to the intensification in Chinese colonizing e¤orts, the region lacked an agricultural subsistence economy. While Chinese historical sources tell of local swidden agriculture, there is no mention of any Vietnamese communities having an agricultural economic focus. It would also appear that the introduction of intensive agricultural techniques and practices was essentially about Chinese exploitation of the region as a rice basket.
Schafer (1967) taps into a wealth of Tang dynasty material, much of it written by Chinese court o‰cials banished to the south, giving some insight into issues of health and disease. A recurrent theme is the deadly disease-carrying miasmas or fogs of Nam Viet. Many of these banished o‰cials are recorded to have died after only short periods of time in the south. Disease was such a problem in Nam Viet that military reprisals against local rebellions in the region, during the Tang dynasty at least, had been canceled in the face of the predicted e¤ects of malaria asian perspectives . 45(2) . fall 2006 on the Chinese army. One Tang insurgent, Huang Chao, was reported to have lost up to 40 percent of his army to disease during a campaign against Canton (Guangzhou), a city near present-day Hong Kong.
Interestingly, however, historical population statistics attest to a relative absence of the e¤ects of malaria in both the Canton and Hanoi delta regions (Schafer 1967) . The higher ground and areas back from the coast do not seem to have been so lucky, however. Lu and Needham (1993) note that the Chinese had some knowledge of malaria and were di¤erentiating between the tertian (fever occurring every third day) and quartan forms by the sixth century b.c.
The Chinese of the Tang also recorded indigenous perceptions and explanations for disease. The most striking conception of the causes of many diseases was black sorcery, or Ku. Ku is still practiced in present-day Guang Xi Province and was known to the Chinese from Zhou dynasty (@1000-257 b.c.) times (Schafer 1967) . While Ku diseases were often seen as the result of sorcerous activities, they could also be caused by the ubiquitous miasmas. It has also been suggested that numerous oedematous conditions attributed to Ku were in fact caused by intestinal parasites. Another specific disease known to the Chinese in Nam Viet for a considerable period of time was beriberi, or leg vapors (athiaminosis). Lu and Needham (1993) suggest that the first Chinese reference to beriberi occurs in 584 b.c. A range of treatments for this condition was prescribed by Chinese pharmacologists that included quince, gourd, almonds, and betel nut (Schafer 1967) . The use of betel nut has been archaeologically demonstrated for Bronze Age Viet Nam . It is not clear what contribution indigenous knowledge had in developing these cures.
The severe gastrointestinal and fever symptoms of cholera were also known to the Chinese of the region (Schafer 1967) . It has been suggested that cholera was being described in Chinese texts by around 200 b.c. (Lu and Needham 1993) . A vast, diverse, and at times bizarre range of treatments was prescribed for the condition (Schafer 1967) . Typhus is another disease that was well known and, in fact, a Han dynasty treatise was written on the condition. No doubt the more generalized Chinese accounts of disease in Nam Viet, from very early on, drew on an extensive indigenous experience of all manner of colds, fevers, dysentery, skin lesions, parasitic infections, and so forth.
assessing health and behavior
One of the most important issues encountered in studies of human palaeohealth is how representative the skeletal sample is of the once living population. Taphonomic and sampling considerations are as crucial to interpretations of human biology as the material culture. At a minimum, an assessment of the demographic profile of a skeletal assemblage is required to determine departures from expectations. Both of the samples examined in this paper depart from the expected demographic pattern in that subadults are very poorly represented. While this does not negate the findings concerning their health, it must be borne in mind that for the most part, only an adult portion of these past communities is being examined.
A number of authors (e.g., Harpending 1990; Ortner 1992; Wood et al. 1992 ) have highlighted potentially serious issues in the way skeletal samples are used oxenham . ancient vietnam in transition to interpret palaeohealth. While the concerns of these researchers have been specifically (e.g., Cohen 1997; Goodman 1993) and generally (e.g., Steckel and Rose 2002) addressed, a consensus approach and view of what has come to be termed the ''osteological paradox'' is yet to develop. However, extensive reviews of the bioarchaeological literature (e.g., Larsen 1997) and recent large-scale assessments of Palaeohealth (e.g., Steckel and Rose 2002) suggest that the employment of a range of health markers produces an assessment of health robust to such problems as demographic nonstationarity, heterogeneity of risk (morbidity and mortality), and selective mortality.
In assessing the relative health of the Da But and Metal period samples, a selection of skeletal and dental markers of both health and behavior commonly used by bioarchaeologists (see Larsen 1997; Steckel and Rose 2002) has been chosen. Linear enamel hypoplasia (caused by disruptions to the formation of enamel during tooth development) and cribra orbitalia (characterized by resorption of cortical bone and/or proliferation of bone in the roof of the orbit of the eye) were recorded as indicators of general physiological or metabolic disruption in childhood. The etiology of both conditions is complex, but it includes environmental and behavioral (e.g., diet, living conditions) variables. A range of commonly recorded dental conditions from carious lesions to alterations in the dentition caused by extramasticatory use of the teeth has been recorded in the secondary or adult dentition. This provides a general oral health profile of each sample as well as providing information on potential specific behaviors (e.g., diet and use of the teeth as tools). The evidence for trauma (acute injury) and infection (specific and nonspecific chronic disease) a¤ecting children and adults is also discussed in order to develop a reasonably comprehensive assessment of the health and behavior of these samples.
assemblages
The archaeological, environmental, and geographic context of the sampled sites has been reviewed. The Da But period sample comprises skeletal and dental remains representing 96 individuals (Table 2 ) from a single cemetery site in present day Thanh Hoa Province, dated by way of material cultural associations to between 6000 and 5500 years b.p. The Metal period is also represented by 96 individuals (see Table 2 ) from 11 sites, the vast majority of which are located either within the Red River delta region or just south of the delta in the Ma River region. Much of the skeletal material from these sites is dated to between 2500 and 1700 years b.p., placing them within the periods of the Dong Son proper and early Han encroachments into the region. Comparisons are made with a number of contemporaneous assemblages from Thailand, and these are summarized in Table 3 .
recording protocols
The skeletal and dental signifiers of health, disease, and behavior selected for analysis in this study have been introduced in the previous section discussing the definition and assessment of health. The presence of all linear enamel hypoplastic (LEH) defects corresponding to the DDE index type 4 (Federation Dentaire Inasian perspectives . 45(2) . fall 2006 ternational 1982) on the labial face of the permanent left maxillary and/or mandibular canines, or their antimere substitutions, were recorded. Maximally, an individual for the purposes of LEH assessment is defined by the presence two canines (a maxillary and a mandibular) and minimally by one canine (maxillary or mandibular). Heavily worn teeth exhibiting >50 percent loss of estimated crown height were excluded from analysis. LEH severity followed Duray (1996) , although only severity categories 1 and 2 are reported here. The advantage of using the maxillary and mandibular canines in this study is the much greater preservation, compared to incisors, in both the Da But period and Metal period samples. Notes: 
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The window of sensitivity to stress in the developmental period of the canines is between 1.5 and 4.5 years. For cribra orbitalia (CO), all cranial material with at least the preservation of the anterolateral and anteromedial portions of the orbital roof of at least one orbit was assessed. CO is defined and scored as either open or closed, where open includes perforations of the outer table of the orbital roof and may indicate incompletely remodeled CO or lesions active at the time of death. Closed CO refers to what is believed to be highly remodeled (inactive) CO, where perforations of the outer table of the orbital roof can no longer be observed. This form is generally easily recognizable by the distinctive wormlike patterning of the outer table of the orbital roof. Closed CO is scored as a separate category, as commonly used recording schemes do not have a provision for scoring the highly remodeled form of CO as present.
Recording protocols for oral traits and traumatic and infectious lesions are detailed in Oxenham et al. (2001 Oxenham et al. ( , 2005 , and only permanent teeth and alveoli (tooth sockets) were assessed. Of the numerous oral traits available, four were selected that are broadly sensitive to both behavior and health: carious lesions, antemortem tooth loss, alveolar defects of pulpal origin, and extramasticatory wear facets. Carious lesion frequencies have not been corrected, following arguments forwarded in Hillson (2001) . The terms ''abscess'' and ''granuloma'' (see discussion of these terms in Dias and Tayles 1997) are not employed due to problems in identifying the relative active or benign status of these lesions in dry bone. The assumption-free term ''alveolar defect of pulpal origin'' has been adopted in this study for what are commonly termed periapical abscesses. The oral data are presented by individual and tooth or alveolus count. For oral health purposes, an individual is defined as one or more dental structures attributable to only a single specimen and could maximally include a complete maxilla and mandible or minimally a single alveolus/tooth (although the minimum was not invoked in this study).
results

General Physiological Well-Being
A dental (linear enamel hypoplasia, LEH) indicator and a skeletal (cribra orbitalia, CO) indicator of physiological and metabolic disruption in the childhood of subsequently sampled adult skeletal material were examined. The range of causes potentially associated with the development of physiological or metabolic disruption includes poor diet, periods of starvation, parasite loads, genetic disorders (e.g., thalassemia), e¤ects of disease in general, and anemia.
While LEH data was collected for the mandibular and maxillary canines separately, the results are combined here and reported by individual only (Table 4) . Of the 53 Da But period individuals with assessable maxillary and/or mandibular canines, 71.7 percent displayed LEH. A greater proportion of females display LEH (81.3 percent) than males (63.0 percent), albeit not a statistically significant di¤er-ence. While the oldest age class has the lowest proportion of individuals with LEH, there is no statistically significant heterogeneity by age class. Of the 55 Metal period individuals with assessable maxillary and/or mandibular canines, 67.3 percent displayed LEH. A greater proportion of males (80.0 percent) had LEH than females (65.2 percent), albeit not to a statistically significant degree. Again, while there appears to be a lower representation of LEH in the oldest age class, the null hypothesis of age class homogeneity for LEH frequency is not rejected.
The higher frequency of LEH in the Da But period sample is not statistically significantly greater than that for the Metal period sample ( w 2 0.05, p a 0.1). Further, the mean number of LEH events per individual in the Metal period sample (n ¼ 106 canines and 55 individuals, mean 2.9) is not statistically significantly larger (t 1.38, p a 0.2) than the mean for the Da But period sample (n ¼ 90 canines and 53 individuals, mean 2.4).
Some 81 percent of the Da But sample displayed open and/or closed cribra orbitalia (Table 5 ). Only one individual was less than 15 years old-a 9-year-old child with extensive confluent lesions. A slightly greater but not statistically significant frequency of CO is seen in males (83.3 percent) compared to females (73.7 percent). The frequency of CO is constant across each of the three age classes. Of the a¤ected sample, 34.0 percent displayed open CO. When only those cases of open CO are examined, 23.3 percent of the males and 21.1 percent of femalesor a total of 27.6 percent of the assessable sample-was a¤ected. There is a clear tendency for open CO to occur in the youngest age class, and this heterogeneity is statistically significant.
In the Metal period sample, the frequency of all manifestations of CO is 73. Carious lesions, antemortem tooth loss, and alveolar defects of pulpal origin are often used in the generation of oral health profiles. Not only are these pathological conditions useful in assessing oral health, they have a complex etiology that includes aspects of human behavior, particularly in terms of diet, food preparation techniques, and extra oral activities to a degree. More specific extramasticatory behaviors can be assessed by an examination of alterations in the dentition caused by materials usually foreign to the oral cavity and indicative of a diverse range of activities: fiber and skin processing to lithic artifact retouching by way of the teeth, for instance.
Carious Lesions -Unless otherwise noted, results are reported by individual, with tooth or alveolus counts reported in parentheses. The frequency of carious lesions was not significantly di¤erent, regardless of reporting method, between periods with 13.8 percent of individuals (1.5 percent teeth) having lesions in the Da But sample and 20.8 percent of individuals (2.3 percent teeth) in the Metal period sample (Table 6 ). Tests for homogeneity of lesion frequency across age classes in the Da But sample indicated that the distribution is not even, with older individuals displaying more lesions. The vast majority of lesions manifested in the molars, with only 7.1 percent of Da But lesions a¤ecting the anterior (canines and incisors) dentition. With respect to sex, there were no significant di¤erences in le- sion distribution, with 13.9 percent of Da But males (1.6 percent teeth) compared to 21.4 percent of females (2.1 percent teeth) having lesions. With regard to lesion location, 71.4 percent of all lesions in the Da But sample were located in the maxillary dentition, and lesions were distributed as follows: occlusal (35.7 percent), mesial (21.4 percent), distal (28.6 percent), lingual (7.1 percent), buccal (0 percent), unknown origin (7.1 percent). Further, 35.7 percent of all Da But period lesions were located on the root or cervix of the tooth.
In the Metal period sample, the younger age classes had a higher frequency of lesions, although the hypothesis that the lesion frequency is homogenous across age classes was not rejected, either by individual or tooth count. Very few Metal period carious lesions (15.4 percent of all lesions) manifested in the anterior dentition. More Metal period female individuals had lesions (37 percent; 3.7 percent teeth) than males (19.2 percent; 1.4 percent teeth), and this di¤erence was significant when assessed by tooth count. In terms of location, 57.7 percent of all lesions in the Metal period sample were located in the maxillary dentition, and lesions were distributed as follows: occlusal (53.8 percent), mesial (7.7 percent), distal (34.6 percent), lingual (0 percent), buccal (3.8 percent). Additionally, 26.9 percent of all Metal period lesions were located on the root or cervix of the tooth.
Antemortem Tooth Loss -Antemortem tooth loss (AMTL) was greater by individual (29.7 percent) and statistically significantly greater by alveolus count (4.8 per- (Table 7) . A test for homogeneity of AMTL frequency across age classes indicated that the distribution is statistically significantly heterogeneous in the Da But sample. Further, 7.5 percent of the anterior dentition (incisors through canines by alveoli) experienced AMTL compared to 3.4 percent of the posterior dentition (by alveoli) in this sample. Regarding sex, there were no significant di¤erences in lesion distribution within the Da But sample, with 33.3 percent of males (4.8 percent alveoli) compared to 37.0 percent of females (6.5 percent alveoli) exhibiting AMTL. In terms of the location of AMTL, 2.8 percent of Da But period maxillary alveoli experienced AMTL compared with 6.4 percent of mandibular alveoli. The Metal period sample also displayed an uneven distribution of AMTL, with rejection of the null hypothesis of AMTL homogeneity by age class. A slightly higher and not statistically significant frequency of posterior AMTL (3.2 percent, alveoli) was observed in the Metal period sample compared with anterior dentition (2.7 percent, alveoli). Further, more females had AMTL (individuals 21.4 percent, alveoli 4.3 percent) than males (individuals 15.4 percent, alveoli 2.0 percent), and this was statistically significant by alveolus count; 1.8 percent of maxillary alveoli showed signs of AMTL compared with 4.2 percent of mandibular alveoli. Alveolar Defects of Pulpal Origin -While the frequency of alveolar defects of pulpal origin (ADP) was not statistically significantly di¤erent between periods by Individual ( w 2 0.082, p a 1), the di¤erence was significant by Alveolus ( w 2 3.860, p a 0.05) ( Table 8) . Tests for homogeneity of ADP frequency across age classes indicated that the distribution is not even in the Da But sample, and a statistically significantly higher frequency of posterior ADP by alveolus (2.2 percent) was observed compared with anterior ADP by alveolus (0.4 percent). By sex, there were no significant di¤erences in alveolar defect distribution within the Da But sample, with 24.2 percent of males (1.6 percent alveoli) compared to 18.5 percent of females (1.7 percent alveoli) having ADP. Looking at ADP by location, 1.3 percent of Da But period maxillary alveoli compared to 1.7 percent of mandibular alveoli had defects ( w 2 0.410, p a 1). The Metal period sample showed a similar trend to the Da But sample, with rejection of the null hypothesis of alveolar defect homogeneity by age class. Similar levels of posterior (2.7 percent) compared with anterior (2.3 percent) ADP were seen in the Metal period sample. For the Metal period, 28.6 percent of female individuals had defects (3.6 percent alveoli) compared to 15.4 percent of males (2.2 percent alveoli), and none of these di¤erences was statistically significant. For the Metal period sample, there was a statistically significant di¤erence 
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in the location of ADP, with 1.4 percent of maxillary alveoli compared with 3.7 percent of mandibular alveoli having defects ( w 2 7.698, p a 0.01).
Extramasticatory Wear -The frequency of wear facets attributable to extramasticatory wear-for example, using the teeth as tools (see Fig. 2 for an example)-is much more common in the Metal period sample, where 10.4 percent of individuals (3.4 percent teeth) have these facets compared with 1.3 percent of individuals (0.3 percent teeth) in the Da But sample. Only the Metal period sample data is tabulated here ( Table 9 ). The null hypothesis that the frequency of these wear facets was homogenous across age classes was not rejected by individual but was rejected by tooth count. The reason for a relatively high frequency of facets by tooth count in the old age class and peaking in the mature age class by individual is due to a greater number of wear facets in the few older individuals. A statistically significantly higher frequency (w 2 5.753, p a 0.025) of anterior facets by tooth (7.1 percent) was observed compared to posterior facets (1.8 percent). The only individual with task wear facets in the Da But sample expressed them in the posterior dentition. Some 19.2 percent of Metal period males (5.5 percent teeth) compared to 11.1 percent of females (2.4 percent teeth) had extramasticatory facets, although the di¤erence was only statistically significant by tooth count. The only individual with these wear facets in the Da But sample was a male. Looking at extramasticatory wear facets by location, 4.8 percent of Metal period maxillary teeth compared to 2.0 percent of mandibular teeth displayed them ( w 2 6.899, p a 0.01). 
Trauma
An analysis of trauma can provide insights into the activities an individual may have been engaged in at the time of injury or even general behaviors of the community as a whole. Further, in some cases it may be possible to make inferences regarding medical knowledge and/or intervention and, perhaps, of the level or nature of post-traumatic care. Detailed descriptions of the traumatic lesions observed in these samples, along with a discussion of proximate and ultimate causes of each lesion, are presented in Oxenham et al. (2001) . Healed trauma to the radius and ulna was not observed in the Da But sample, despite good preservation of these elements (Table 10 ). However, 4.4 percent of humeral diaphyses showed evidence of healed trauma in the form of oblique fractures to the distal third of the diaphysis in the Da But assemblage. The only other traumatic lesions observed occurred in the femur, where 6.5 percent of the complete diaphyses displayed approximate midshaft transverse fractures with associated diaphyseal overlapping and subsequent lack of appositional healing. Two of the three cases showing this form of trauma were adults, while the remaining individual was a subadult 9 G 2 years old. Poor infracranial preservation in the Metal period sample makes it di‰cult to assess the true frequency and patterning of trauma. The only instances of healed traumas observed were in the form of a fracture to the proximal third of a radius (7.1 percent of complete diaphyses) and the distal end of an ulna (7.1 percent of complete diaphyses). The only case of clear perimortem trauma in the Metal period was in the form of a long (45 mm), deep (6.2 mm), sharp-edged instrument cut into the right frontal boss of an adult female.
Infectious Disease
By examining the frequency and types of infectious disease, it is possible to gain insights into predisposing human behaviors, levels of general health and immunocompetence, and perhaps even a look into the quality of life of those a¿icted with serious debilitating disease. Skeletal lesions of nontraumatic etiology and associated di¤erential diagnoses have been discussed in detail by Oxenham et al. (2005) . The Da But period sample includes only a single individual with a nontraumatic lesion that was likely due to some form of tumor. In the Metal period assemblage, on the other hand, 10.9 percent (6/55) of the sample displayed pathological lesions, with 50 percent of these cases including lytic cranial lesions. In the majority of cases the di¤erential diagnoses include an infectious disease. While no definitive diagnoses have been made, mycotic (fungal) diseases were identified as being possibly responsible for 60 percent of the individuals presenting with potentially diagnostic lesions. A competing cause in a number of these same in- discussion and conclusions
Physiological Well-Being
As it was not possible to carry out destructive cross-sectioning in order to isolate the etiology of cribra orbitalia (see Wapler et al. 2004 ), the condition is used as a signifier of generalized physiological disturbance rather than linked to a specific condition such as anemia. Individual and perhaps sample-specific di¤erences in the remodeling of CO make interpretation of the frequency and patterning of this condition di‰cult. Nonetheless, there is an exceptionally high frequency of CO in both of these Vietnamese samples. Where the etiology has been identified as anemia in other samples, it has been suggested that only 50-75 percent of individuals with iron-deficiency anemia will develop skeletal responses (StuartMacadam 1991) . This would potentially suggest that most individuals in these Vietnamese communities su¤ered from some form of physiological disturbance as children. One of the reasons for this high adult frequency of CO may be the inclusion of individuals displaying extensively remodeled lesions (closed CO). Widely cited recording protocols, such as Stuart-Macadam's (1985) and Hengen's (1971) , require some degree of porosity to be present in the orbital roof before CO is scored as present. The frequency of CO has been linked to increased mortality in at least one study. In Mittler and Van Gerven's (1994) research on Christian Kulubnarti, North Africa, they report a significant reduction in mean life expectancy for the sample with CO. For the Vietnamese samples under investigation here, there is some indication that CO is correlated with increased mortality in the younger age classes, with a greater proportion of older adults, particularly in the Da But sample, not showing signs of CO. However, the chief di¤erences seen in distribution by age at death apply to varying levels of lesion remodeling where remodeled lesions are common in the older age classes, while less-remodeled cribra orbitalia is more prevalent in the younger age classes. The lower frequency of individuals displaying CO in the oldest age class could therefore be an artifact of either more extensive remodeling or evidence for increased life expectancy in individuals not a¤ected by the CO.
What are the underlying etiological causes for the high frequency of cribra orbitalia, all manifestations included, in the Vietnamese populations? It is very di‰cult to isolate any one cause or even the varying contributions of multiple-likely synergistic-factors. The only fairly definite common factors in both periods are that these communities were essentially sedentary, living in a subtropical environment, and had a coastal-riverine economic focus. Sedentism, of course, does not necessarily imply a significant or even minor agricultural component to the subsistence economy. Nonetheless, the e¤ects of sedentism appear to be the one asian perspectives . 45(2) . fall 2006 common global factor in the increased frequency of porotic hyperostosis (including cribra orbitalia) beginning at the start of the Holocene (Stuart- Macadam 1998) . The fact that these Vietnamese communities were situated in the subtropics, with the associated huge potential for parasitic infestation, needs to be considered. It is also worth noting that coastal and marine-based communities can su¤er from high parasitic loads (Walker 1986) . It is also probable that the populations sampled here were a¤ected by hereditary anemic conditions, such as various forms of thalassemia, as has been shown to be the case at Khok Phanom Di in neighboring Thailand (see Tayles 1996) . The role played by dietary deficiencies in young growing children and the e¤ects of anemic mothers, also likely experiencing various degrees of parasitic infestation and perhaps genetically derived anemia, should also be considered. In terms of adult health, it is worth noting that very high rates of anemia are reported in the children of modern northern Vietnamese communities (C. K. Nguyen et al. 1995) , with little demonstrable negative e¤ect on the health of subsequent adults. Returning to the ancient Vietnamese samples, even if there was a high mortality rate among subadults with CO, it does not change the observation that most of the adults also had the condition as children.
The apparent-albeit statistically nonsignificant-higher frequency of linear enamel hypoplasia in the younger age class of both samples is intriguing. A smaller proportion of older individuals displaying LEH might suggest increased chances of survival to old age for those who did not su¤er the stresses causing it. It is unlikely that the lower frequency of LEH in older individuals is an artifact of LEH events being lost through wear, because extremely worn teeth were not included in the study sample. When only examining those individuals that survived the LEHsensitive years, it would appear that there is a correlation between survival to older age and absence of LEH in both samples. Such a relationship between the presence of LEH and decreased mean age at death has been noted in a number of studies (Duray 1996; Goodman and Armelagos 1988; Saunders and Keenleyside 1999) .
While it is di‰cult to compare LEH frequencies between geographically disparate samples due to di¤erential and ultimately unknowable baseline LEH variation (see Zhou and Corruccini 1998) , it is still worthwhile looking at how the Vietnamese levels compare with other studies. The overall frequency of LEH in the Vietnamese samples is not unusually high relative to some bioarchaeological studies. For instance, very high enamel hypoplasia frequencies have been reported for maxillary canines (98.4 percent) and mandibular canines (98.2 percent) in the mid-Holocene Ra's al-Hamra-5 sample from Oman (Mack and Coppa 1992) . However, the Vietnamese canine LEH frequency does appear somewhat elevated with respect to other East and Southeast Asian studies. East and Southeast Asian analyses of LEH show a great deal of variation in reported frequencies. For example, Yamamoto (1992) has examined the frequency of permanent mandibular canine LEH in Japanese from the Jomon period, beginning some 10,000 years b.p. through to the modern period. The foraging Jomon sample displayed a LEH frequency of 48.1 percent, the agricultural and foraging Kofun sample 36.4 percent, the early modern urban Edo sample 65.1 percent, and the modern sample exhibited an LEH frequency of 39.5 percent. Yamamoto cited variations in subsistence, sanitation, and population density as the chief etiological factors involved in the variation in LEH frequency over time.
oxenham . ancient vietnam in transition
Tayles (1992) reports that 50 percent of maxillary and 48 percent of mandibular permanent canines displayed LEH in the coastal site of Khok Phanom Di in Thailand (4000 to 3500 years b.p.). This finding is somewhat intriguing in face of comments by Higham (1989) that the Khok Phanom Di habitat was particularly favorable to its inhabitants. Nelson (1999) reports that 30 percent of individuals with maxillary canines displayed LEH, while 45.9 percent of individuals with mandibular canines had LEH in the site Noen U-Loke in Thailand (2300 to 1700 years b.p.). The frequency of adult individual LEH at Non Nok Tha, Thailand (5500 to 3000 years b.p.), is 16.7 percent for the maxillary canines and 21.4 percent for the mandibular canines (Douglas 1996) . For an assemblage from Ban Chiang, Thailand (5600 to 1700 years b.p.), the frequency of adult individual canine LEH is 7.7 percent for the maxillary and 6.3 percent for the mandibular dentition (Pietrusewsky and Douglas 2002) .
The chief subsistence economies of the inhabitants of these sites in Thailand, in particular, seem to display a general pattern with regard to LEH frequency. Noen U-Loke can be described as having a predominantly agricultural subsistence economy and a comparatively elevated frequency of LEH, while the Ban Chiang and Non Nok Tha sites are perhaps best described as mixed (foraging with agricultural and/or horticultural components) and have fairly low LEH frequencies by Southeast Asian standards. However, Khok Phanom Di, with a predominantly foraging economy, has relatively elevated levels of LEH. Further, the Japanese Jomon foragers displayed a higher frequency of LEH relative to the temporally later agricultural period. Nonetheless, the urban Edo sample displayed the highest level of LEH, and the individuals comprising this sample would have experienced elevated levels of population density and lowered levels of public sanitation.
Accepting that high levels of canine LEH are potentially reflective of an agricultural subsistence economy is inconsistent with the archaeological evidence from the Da But period assemblage. However, both Da But and Metal period populations were likely quite sedentary, so factors associated with sedentism and perhaps population density may be important in the level of LEH present in these Vietnamese samples. Further, the coastal/estuarine orientation of these communities may have exposed them to high parasitic loads (see Walker 1986) . With respect to a possible positive correlation between sedentism and population density, see Webb's (1995) results for prehistoric Australia. Webb reports permanent maxillary canine LEH frequencies for several regions of the prehistoric Australian continent. There was a clear tendency for the frequency of LEH to be low (20.7-28.8 percent) in the arid regions of Australia and higher (37.6-45.6 percent) in the more fertile and more densely populated regions. Webb favors di¤erences in weaning customs between arid and fertile regions to account for the observed di¤erences in LEH frequency. However, it is probably more likely that the clear and marked environmental, climatic, and settlement pattern di¤erences between these regions-in particular, population density-were more important underlying causes in LEH frequency variations.
What can be said of the Da But period and Metal period samples is that the overall level of well-being of both assemblages appears to be similar, at least with respect to LEH frequency. How elevated their respective LEH levels are relative to the baseline level for populations from which they are sampled cannot be deasian perspectives . 45(2) . fall 2006 termined and is ultimately unknowable. Moreover, the specific etiological factors responsible for these LEH levels must remain unknown. However, it is important to remember that there is some evidence indicating that those individuals without LEH tended to live longer than those individuals with LEH. This again would tend to suggest that the causes of LEH had a deleterious a¤ect on the health of these ancient Vietnamese. Finally, comparing the frequency of LEH in the Da But and Metal period samples to other East and Southeast Asian samples indicates that the Vietnamese frequency of LEH is somewhat elevated. If the frequency of LEH does correlate with the level of physiological stress a population endured, it would appear that the Vietnamese samples endured somewhat higher levels of stress than did other populations thus far sampled in the tropical Southeast Asian context.
Oral Health
The frequency of carious lesions is very low in both samples and would suggest that agriculturally oriented populations are not being sampled here (see Oxenham et al. 2006) . Nonetheless, this view needs to be treated with caution given the diverse range of factors potentially contributing to oral health (Hillson 2001; Larsen 1997) . Historical (Holmgren 1980) and archaeological (Higham 1989) data suggest an increase in rice production in the Metal period, particularly during the Dong Son period with Han colonization. The frequency of carious lesions would not tend to support that view, although the more youthful nature of the Metal period sample may be relevant with respect to an age-dependent disease such as caries. Further, a higher frequency of caries was seen in the younger age groups of the Metal period sample, which may be a reflection of secular changes within the sample. The Da But sample, on the other hand, displayed an expected increase in lesions with increasing age at death. If the suggestion from archaeological and historical data is correct, it may be the case that rice is not particularly cariogenic. A number of studies have suggested the low cariogenicity or poor caries-inducing potential of rice diets (Krasse 1985; Sreebny 1983; Tayles et al. 2000) . A marine component in the diets of both periods has been suggested, and in fact the Con Co Ngua diet would appear to be marine dependent (Yasutomo et al. n.d.) , and such diets are known to be cariostatic (Kelley et al. 1991; Larsen et al. 1991; Sealy et al. 1992; Walker and Erlandson 1986) . Females had higher frequencies of carious lesions in both samples, but this was only significant by tooth count in the Metal period sample. A higher frequency of lesions in females is not an uncommon finding in bioarchaeological studies and is often attributed to di¤erences in diet or eating behavior (Larsen et al. 1991) . Such di¤erences, however, do not necessarily imply any particular social hierarchy by gender (Walker and Hewlett 1990) .
The distribution of lesions on the crown in each sample is expected given the low overall frequency of lesions and the di¤erential susceptibility of the tooth to lesions (see discussion in Hillson 2001) . Interestingly, both samples displayed a high proportion of caries a¤ecting the root and/or cervix of the tooth. An increase in lesions at this location can be seen as associated with a more agriculturally oriented diet (see Molnar and Molnar 1985; Moore 1993) , which may be oxenham . ancient vietnam in transition consistent with expectations for the Metal period but not the Da But period sample. However, continuous tooth eruption in high tooth wear situations can expose this region of the tooth to acidogenic bacteria.
Antemortem (AMTL) tooth loss is subject to potentially much broader and complex etiological considerations than carious lesions. The significantly greater frequency of AMTL and the favoring of the anterior dentition in the Da But sample may be related to the practice of tooth ablation, which has been reported at least for prehistoric Thailand (Tayles 1997) . The tendency for other Da But sample pathologies such as alveolar defects of pulpal origin and pulp chamber exposure (not reported in this study) to favor the posterior dentition would tend to support the idea of deliberate ablation. However, the observation that AMTL increases with age at death for both samples is di‰cult to reconcile with the tooth ablation hypothesis.
The observation of increasing frequencies of alveolar defects of pulpal origin (ADP) and increasing age at death for both samples was expected. The near equivalence in the frequency of ADP between the anterior and posterior dentition of the Metal period sample is intriguing. It is likely that this is related to the much higher frequency of the evidence for task wear facets in the Metal period sample. Much of the artificial tooth wear seen in the Metal period sample occurs in the anterior dentition, and a common sequel to advanced extramasticatory tooth wear is pulp chamber exposure and subsequent abscessing or granuloma formation. Clear associations between the frequency of task wear facets and age at death would not be expected due to the rapid loss of teeth in older age and thus loss of task wear faceted teeth. Nonetheless, the association is apparent at least by tooth count, although the reason for this is a high number of faceted teeth in the few older individuals with such facets. Whatever activities these people were engaging in with their teeth-and it must remain highly speculative for the time being-it is males who appear to have been more involved.
Trauma
Due to poor infracranial preservation of the Metal period sample, it is di‰cult to assess the low apparent frequency of trauma in this assemblage. The two forearm fractures seen in this assemblage are the most common form of trauma seen in Southeast Asia (Oxenham et al. 2001) and are quite consistent with either misadventure or interpersonal violence. In addition to historical (e.g., Taylor 1983) evidence for frequent warfare in the region during this period, grave goods in many of the sites sampled in this study contained spear-and arrowheads, javelins, and axes (Oxenham 2000) suggestive of the potential to engage in acts of violence. Nonetheless, the single example of potential interpersonal violence as represented by the frontal wound in an adult Metal period female would seem at odds with the historical and archaeological evidence for frequent conflict in the region. Less than ideal sampling of Metal period burial sites may be a factor to be considered.
A very di¤erent picture is seen when examining the Da But sample. Despite good infracranial preservation, it is the larger and more robust bones that were at risk. While 7.4 percent of this sample displays evidence of some form of healed major trauma, these lesions could all have been the result of falls through misadventure. While such traumatic injury could have been caused by way of interperasian perspectives . 45(2) . fall 2006 sonal violence, the overall pattern of trauma and the lack of obvious weaponry during this period do not support this hypothesis at present. Oxenham et al. (2001) have pointed out that the risk of serious trauma was greater at Con Co Ngua than any other Southeast Asian assemblage sampled to date. It is di‰cult to determine what types of behavior placed these Da But culture individuals at such a risk of serious injury. As noted at the beginning of this paper, the region was home to numerous large animals that may have been hunted. Some evidence that might be interpreted as suggesting such hunting comes from stag horns placed in the graves of several individuals.
What can be inferred with respect to immediate medical intervention or posttraumatic care? Relatively minor trauma in the form of fractures to the forearms and humerus can readily heal even without medical intervention in the form of splinting, although this does not rule out medical intervention in either time period. The healed thigh fractures of several individuals in the Da But sample represent potentially much more serious injuries. However, again it is possible that these injuries would have healed without the use of splinting. Lovell (1990) has described an adult male free-ranging mountain gorilla with multiple healed fractures, including the midshaft of the left femur, illustrating the ability of primates to survive and adapt to serious trauma without the benefit of medical systems.
Infectious Disease
The skeletal evidence for infectious disease is present only in the Metal period sample and then only in individuals from the terminal (Dong Son) Bronze phase. An osteological paradox could be invoked for the Da But sample, whereby there is a lack of infectious disease because a¤ected individuals died before experiencing a skeletal reaction. However, the older age distribution of the Da But sample would tend to indicate that this was not the case.
Given the probable types of disease identified in the Metal period sample, including the possibility of immune system disorders, there are several scenarios accounting for the emergence of infectious disease at this time that require discussion. The first possibility relates to the evolutionary history of infectious diseases. Recently, scholars have pointed out that pathogens will tend to evolve toward higher virulence particularly when the pathogens involved are either waterborne or vector borne (Ewald 1994 (Ewald , 2003 . Archaeological evidence for the Da But period suggests the domestication of large vertebrates such as bu¤alo and pigs, as well as a reduced level of mobility or a move to increased sedentism. It is not improbable that the closer association between humans and domesticated animals, in addition to the general health costs associated with sedentism, led to the development of a range of infectious diseases at this time. With time, these ''new'' pathogens evolved into more virulent forms that had a negative impact on the health of Metal period communities.
A second scenario relates to the observation that the di¤erential diagnosis of 60 percent of those Metal period individuals with potentially specifiable diseases included some form of fungal infection. Such infections are not due to direct transmission between human hosts but are generally caused by incidental introduction of the pathogen by way of traumatic inoculation (a cut, for instance), inhalation of disturbed spores, or even via a vector such as the bamboo rat in the oxenham . ancient vietnam in transition case of Penicilliosis marne¤ei, for example. It is often the case that pathogens that do not generally target humans are particularly virulent when they do infect people. Well-known examples of this include Rocky Mountain spotted fever and rabies. The archaeologically and historically documented increase in population density, land clearing, and development of intensive rice agriculture in the latter stages of the Metal period would have provided ample opportunity for incidental infection by way of fungal pathogens.
The third factor to consider is the level of immunocompetence in the Metal period sample as a whole. If the levels of enamel hypoplasia and cribra orbitalia can be used as some gauge of the strength of the immune response system in adulthood, it would seem that immunocompetence was somewhat compromised in both periods. However, the e¤ects, whether single or combined, of evolving pathogen virulence and increased contact with pathogens not generally known to humans during the earlier period of low population density and infrequent land clearing and cultivation associated with a poor immune response may have taken their toll on Metal period populations. Added to this is a fourth factor in the form of massive population movements into the region at the time infectious disease first appears. Much of this demographic upheaval was in the form of Han military campaigns and colonization e¤orts beginning during the Dong Son period, or the terminal phase of the Bronze Age.
summary
Despite major economic, demographic, and social change in northern Viet Nam between 6000 and 2000 years b.p., biological changes have been minimal in terms of baseline health markers in the form of oral and physiological well-being. It was suggested that the lack of a marked di¤erence in oral health may have been due to the low cariogenicity of rice agricultural diets and/or that the majority of rice was exported rather than eaten. However, major di¤erences are observed with respect to some oral behavioral markers, the patterning and frequency of traumatic injury, and the evidence for infectious disease. It has been argued that the level of cribra orbitalia in both samples is relatively high by any standards, and younger individuals were at somewhat greater risk of dying if they had CO. Moreover, elevated levels of canine enamel hypoplasia are associated with a reduced age at death in each sample. Given the general equivalence of each sample for these general measures of health, a range of scenarios was discussed in an attempt to understand the emergence of infectious disease in the latter phases of the Metal period. It was not argued that the presence or absence of infectious disease had any particular health or ill-health consequences for the samples as a whole. However, factors including the evolution of greater pathogen virulence over time, increased contact with pathogens through increasing population density, changing land use practices, introduction of new pathogens through human demographic upheavals, and decreased immunocompetence in the Metal period were examined. Specific behavioral di¤erences were also seen between each sample, with a much greater level of serious traumatic injury occurring during the Da But period. While the cause or causes of this finding are unclear, it may be related to large-game hunting, although a case that some may be due to interpersonal vioasian perspectives . 45(2) . fall 2006 lence cannot be ruled out. Further di¤erences in terms of oral behavior are seen in the possible though unconfirmed practice of anterior tooth ablation in the Da But period and use of the anterior dentition, particularly by males, for specific tasks in the Metal period sample. Clearly, the major archaeologically and historically documented behavioral changes occurring in Viet Nam in the latter half of the Holocene have left clear and in some cases specifiable biological signatures, regardless of how the health implications of these skeletal and dental signs are interpreted.
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